Hydrotalcite-supported Pd-Cu catalyst for nitrate adsorption and catalytic reduction from water is prepared by co-impregnation method and characterized by surface area (BET), X-ray diffraction (XRD), scanning electron microscope (SEM), transmission electron microscope (TEM) and X-ray photoelectron spectrum (XPS). The performance of adsorption and hydrogenation of nitrate was evaluated and compared with Al 2 O 3 , TiO 2 , and HZSM-supported Pd-Cu catalysts. The experimental results demonstrated that hydrotalcite-supported Pd-Cu catalyst exhibited a high surface area (185.3 m 2 /g) and mesopore structure (average pore diameter of 52.2 Å). The active metal clusters were homogeneously dispersed on the support, and the size of the most was less than 10 nm. Excellent adsorption for nitrate resulted from that nitrate ions were forced to enter the interlayer space when the calcined hydrotalcite regenerated layer structure in nitrate solution. The adsorption isotherm could be well described by the Langmuir model. The comparison between the adsorption and catalytic hydrogenation for nitrate using hydrogen indicated that nitrate reduction on hydrotalcite-supported Pd-Cu catalysts was a consecutive and dynamic adsorption and catalytic hydrogenation process. Compared with the Al 2 O 3 , TiO 2 , and HZSMsupported catalysts, hydrotalcite-supported Pd-Cu catalyst possessed higher catalytic activity and selectivity. The analysis on the dissolving of metals in the solution demonstrated that there was hydrolyza-tion on the surface of the hydrotalcite-supported Pd-Cu catalyst. However, the concentrations of dissolved metals in the solution were lower than the standard executed in China. The activity of the hydrotalcite-supported Pd-Cu catalyst for nitrate reduction kept steady after repeated use.
With the rapid development of industry and agriculture, the nitrate contamination in groundwater becomes increasingly serious in many countries [1] . Therefore, the remediation of nitrate-contaminated groundwater is one of the targets urgently confronted.
At present, available methods for nitrate removal from water include physical-chemical [2] , biological [3] and catalytic reduction processes [4] . Physical-chemical process only concentrates nitrate ions into brine, which has to be treated afterwards. Biodenitrification can reduce nitrate ions in water. However, possible bacterial contamination, the presence of residual organics, and the possible increase in chlorine demand in purified water are not suitable for the dispersed water supply on a small scale. The catalytic reduction of nitrate using H 2 as reducing agent has been widely paid attention to by many researchers due to higher activity and easier control.
The catalytic denitrification was first described in 1989 by Vorlop et al. [5] . In this process, nitrate ions were reduced to nitrogen using H 2 as reducing agent over bimetallic catalyst (Pd-Cu/Al 2 O 3 ). It has been proved that the catalytic reduction of nitrate is strongly influenced by many factors such as the property of catalyst [6] , the water quality [7] , the conditions of the reaction [8] , and diffusion, [9] in which the catalytic property of catalyst is the most important factor. As reported, bimetallic Pd-Cu, Pd-Sn or Pd-In catalysts show higher activity and selectivity for nitrate reduction [4, 10, 11] , and activated carbon [11] ，have an apparent influence on the capacity of the catalyst. Generally, the support having adsorptive capability for pollutant is favorable for improving catalytic property of catalyst. However, for general material for nitrate reduction as mentioned above, the adsorption performance for nitrate is limited. Therefore, selecting a more suitable catalyst support for the catalytic reduction of nitrate is required.
Hydrotalcite-type (HT) compounds, a kind of anionic clays, possess the performance of memory for layer structure, that is, when calcined hydrotalcite is put in water, they can reconstruct the original layer structure. Accordingly, anions in water may enter the interlayer space to be concentrated, which is beneficial to the catalytic reactions. Therefore, hydrotalcite material has been widely used as catalyst or the support of catalyst in the field of catalysis [15] .
In this study, the hydrotalcite-supported Pd-Cu catalyst was prepared by coimpregnation method. The performance of adsorption and hydrogenation of nitrate was evaluated and compared with the Al 2 O 3 , TiO 2 , and HZSM-supported Pd-Cu catalysts at the same Pd-Cu loading. 
Preparation of hydrotalcite support
Hydrotalcite was prepared by coprecipitation with low supersalturation method. In this method, two solutions, A and B, were added dropwise into a beaker containing 100 mL of deionic water while vigorously stirring. Solution A was Mg(NO 3 ) 2 (1.2 mol/L) and Al(NO 3 ) 2 (0.4 mol/L) mixed aqueous solution. Solution B contained 1.65 mol/L NaOH and 0.5 mol/L Na 2 CO 3 . During the synthesis process, the pH of the suspension kept at about 10. This process was completed within 30 min. Then the resulting suspension was continuously stirred for 4 h. The product was filtered, washed thoroughly with deionised water until the pH of filtrate showed neutral and subsequently dried overnight at 105℃, and calcined at 550℃ for 8 h. The final product was expressed as HT(Mg/Al=3) (3 is the molar ratio of Mg 2+ /Al 3+ ).
Preparation of catalysts
The catalysts were prepared by co-impregnation method. Different supports (Al 2 O 3 , TiO 2 , HZSM, HT(Mg/Al=3)) of 3 g were put into the Pd(NO 3 ) 2 ·2H 2 O and Cu(NO 3 ) 2 ·3H 2 O mixed aqueous solution. The contents of Pd and Sn on the support were 1 wt% and 0.25 wt%, respectively. After stirring for 14 h, the slurry was evaporated to dryness in a rotary evaporator at 80 ℃ under reduced pressure. The resulting paste was dried at 110 ℃ for 12 h, and then calcined in air at 500 ℃ for 2 h, and finally reduced at 500 for 1 h ℃ under flowing hydrogen/argon.
Adsorptive and catalytic tests
Catlytic capacities of the different catalysts for nitrate reduction were tested in an airtight stainless reactor with effective volume of 500 mL. The catalyst (1 g) was suspended in pure water (500 mL), which was saturated with the mixture of argon (400 mL/min) and hydrogen (200 mL/min) from the titanium plate situated in the bottom of the reactor for 60 min. The reaction started by adding a concentrated NaNO 3 solution, where the initial nitrate concentration was 100 mg-NO 3 − ·L −1 . The temperature of the reaction was maintained at 25℃. The pressure in the reactor was equal to the atmospheric pressure. 3 mL of solution was taken regularly from the reactor cell for analysis of NO 3 − , NO 2 − and NH 4 + . For all adsorptive tests in this work, the experimental conditions were the same as those for the catalytic reduction of nitrate, but no hydrogen was provided.
Definition of the activity and selectivity
The activity for the reduction of nitrate is defined by the reduced amount of NO 3 − -N per minute and per gram catalyst (mg-NO 3 − -N·min −1 ·g cat −1 ) after 3 h reaction.
The selectivity for the reduction of nitrate is defined by the ratio of the reduced amount of TN to the reduced amount of NO 3 − -N after 3 h reaction. The removal rate of nitrate (X NO3 − ) is the ratio of the removed amount of nitrate to the initial amount of nitrate, that is,
Analysis methods
Samples were taken from the reactor at desired sampling time and filtered through a 0.45 μm membrane. NO 3 − -N, NO 2 − -N and NH 4 + -N were determined using a Hitachi-3010 model UV-spectrophotometer. After the reaction, solution in the reactor was analyzed by ICP-OES (Perkin Elmer Co.) to quantify any dissolution of the metals (magnesium, aluminium, palladium and copper). The actual quantity of active metals (Pd and Cu) of the catalyst was analyzed as follows. First, the catalyst
